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(54) Title: FLUID CONTROL DEVICES 




(57) Abstract * Section B3. 

A fluid control device of the sliding spool type having pilot control wherein a control profile (20) is located in a Ion- 
gitudinal bore through the spool (4) and has radial clearance (22) in said bore. The control profile (20) separates respective 
control chambers (12, 14) which extend to the main bore in which the spool is located and an orifice arrangement (5) in the" 
wall of said spool (20) directs secondary fluid flow from a pressure port (10) onto said control profile and into said cham- 
bers (12, 14) whereby an imbalance in the chamber pressures will cause sliding movement of the spool. Further respective 
orifices (6, 8) allow said secondary flow to return to the low pressure side of a fluid supply. The control profile (20) is ar- 
ranged on a rod which extends externally of the body of the device and sliding movement of the rod causes imbalance of a 
hydraulic Wheatstone bridge formed by the orifices (5, 6, 8) in combination with the control profile (20) whereby the 
bridge tends towards equilibrium causing the spool (4) to follow movement of said control profile (20) in a force feedback 
gain manner. The device has a position feedback ratio of 1:1. 
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. 

This invention relates to fluid' control devices 
such as hydraulic or pneumatic control.^valves, servovalves 
and position control devices and in particular relates 
to such devices of the sliding spool type which are pilot 
5 operated to facilitate better response, control of large 

flow capacities and/or control from remote controlling 
means. The remote controlling means may be mechanical, 
electromechanical, electrohydraulic, fluidic or electronic 
or any combination • thereof , be it proportional control, 
10 analogue, digital, mark/space ratio or otherwise. 

Various forms of pilot operated valves are well 
known and by far the most common has a sliding spool pilot 
valve perched on top of the main control valve in a 
"piggy-back" fashion. The pilot spool has also been placed inside 
15 bore of the main control valve spool. An inherent problem 

or disadvantage with sliding spool type valves is the 
high degree of accuracy required in manufacture due to the 
fine tolerances reguired between the sealing lands of 
the spool and the bore in which the spool is adapted to 
20 slide. These fine tolerances render spool type valves 

expensive to manufacture and furthermore, the spool is a 
delicate piece of apparatus which must be handled with 
extreme care and replaced if damage or wear affects the 
fine tolerances. The aforementioned problems are 
25 compounded when the pilot valve is also of the spool 

type as the same criticality of tolerances applies to 
the pilot valve. Other types of pilot valves such as 
slide valves, flapper valves, nozzle- jets or variations 
of each are well known and have various different charac- 
30 teristics which render them suitable in some situations 

and not in others. However, the fine tolerances reguired 
with these other types of pilot valves requires at least 
the same high degree of accuracy in manufacture as with 
spool type valves and thus'there are no real gains to be 
35 made from a cost . consideration as between the various - 
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alteratives. The cho - 

Parties ^lly depends on the 

control, proportional condor * " 

"ample, andwhatever thT ! "^-control , for 
= is relatively expensive * **" C ° St °* SDCh 

The object of • 
Unproved control arran Mention is to provide an 

valve which is „ ore ec" " ^ ^ 

existin, arran g ll„ C° n0mMl t0 -^«ure than • 

It is a further ob-iect <-„ 

control arrangement for a sITV ^rde.an improved 
facilitates on-off Z mn ? **** con *«l valve which 
a fluid medium. "' t SSr^ t T~ °' ' 
two types of oontrol'are not latter 
-Pool type pilot valves! COnVMi antly achievable with 

control J£^T£ T^T^ PrOVidSS 3 

having various lands is ada-' * ^ " herein * 

of a body part to facili^e or • *° ""^ b °" 

various main ports in said bod" ^ 

Position of said sdocI dependent upon the 

bore extending V^oTt * 
bore to facixLt t T ^ ^ 

spool, characterised ^rt s 01 ^ 

trol profile having radial c ; ear : n d c r anS C ° mprlSeS * C - 
- separating respective c ^^ - " ~* ^ bar. 
chamber includes part of «* T chanb «^ each control 

whereby pressured LL^ ^ *** 

exerts f orces Qr X " Said c ontrol chambers 

arrangement is provJ^T*, ^ °* SP ° 01 ' 3 ° rifice 

ary fluid flow J rll H ^ t0 facili ^te second- * 

through the win " ° f Sai * P~ts, " 

Profile wherebv s!L ? ° nt ° Sa±d Contro1 

wnereoy said secondary flow is * . 

respective said control v Erected into 

ol cha mbers and, via f, ir ^„v 
tive orificp ' Via xurther. respec- 
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to act as a Wheatstone bridge tending "towards equilibrium 
whereby said spool follows movement of said control profile 
along said' spool bore in a force feedback gain manner due 
to imbalance of pressures in respective said control 
5 chambers. . . 

In order that the invention may be more readily 
understood a particular embodiment of a hydraulic control 
valve will now be described with reference to the accompany- 
ing drawings wherein: 
10 FIG, 1 is a sectional side elevation of the 

hydraulic control valve taken in a . 

longitudinal direction through the valve 
body, 

FIG, 2 is a part sectional view taken on the 
I 5 lines A- A of FIG . 1, 

FIG. 3 is a part sectional view similar to 

FIG. I, showing fluid pressures and flows 
with the control element in the neutral 
position, 

20 FIG. 4 is similar to FIG. 3 showing the fluid 

pressures and forces acting on the spool 
when the 'control element is in the neutral 
position, and 
FIG. 5 is similar to FIGS. 3 and 4 showing the 
25 fluid pressures and forces acting on the 

spool when the control element is displaced 
.from the neutral position, 
•Referring now to the drawings, it can be seen 
that the control valve consists essentially of a valve body 
30 2 and a control spool 4 which slides within a central bore 

through the body 2. The control spool 4 has a series of 
lands around the outer surface thereof and a central bore 
3 which extends longitudinally through the spool. Five 
ports are arranged in the body 2 and communicate with 
35 various chambers which surround* the spool. These ports 

comprise a pressure port 10, two tank ports 16 and outlet - 
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valve body and a 1, \ Central of the 

aperture L eech ~ tV""^ 

central? or'if ^ J " ° PP ° Site °* «»' 

Tne orifices 6 and 8 are 

smaller in diameter than the orifice 5 and al i ^ 

The Mlflce 5 is ^ th "* 

et all til- T C ° ntr01 ° rifiCe 5 

at 111 tL «— «ith respective tank ports 16 

contrcl^Les 1 ^ ""^ «" *~ 5 - — 
hv ,„ , . or " ioes 6 8 thus provide a continuous flow of 

chlh ,f 3 lnt °' 3,13 ° Ut ° f " *»e respective control 
chafers 12 and 14 within the central bore 3 of' the spool 
*■ The control chambers 12 and 14 are separated by a 
control profile 20 located on the control rod 18 and forced 
mte 9 rall y therewith or suitably attached thereto 

radlal Clearance 22 exists between the control 
profrle 20 and the internal surface of central bore 3 of ' 
the control spool 4. The cl earaoce » allows continua ° f 

the rnlet orrfrce 5 to control chafers 12 and 14 respectively 

::LTrii\T°^ each outiet contto1 — - «- : 
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The sizes and numbers of orifices 5, 6 and 8, 
the amount of radial clearance 22, and;*. the shape of profile 
20, are chosen so as to maintain suitable fluid pressures 
in control chambers 12 and 14 and such pressures are 
5 designated P 1 and P 2 respectively as shown in FIG, 3. 

Pressure P-j^ acts at all times on face 24 of the control 
spool 4 and pressure P 2 acts at all times on face 26 of 
the spool 4. When the control spool 4 is at rest within the 
body 2, the pressures P-^ and P 2 and any flow forces are in 
10 equilibrium. When the equilibrium is upset by changes in 

pressures P^^ and P 2 or -flow forces, the control spool 4 
will move to restore the equilibrium. The resistance to 
secondary fluid flow due to the shape of the. control 
profile 20 and the shape and position of the orifices 5, 
15 6 and 8 causes the valve to act as .a hydraulic Wheatstone 

bridge tending always towards equilibrium. 

Control input to the control rod 18 is provided 
by a suitable externally mounted transducer 34 , which may 
take any of various known forms such as manual, mechanical, 
20 electromechanical, electrohydraulic, electronic, fluidic 

or a combination thereof. 

In use the device operates as follows. High 
pressure fluid is supplied to pressure port 10 and flows 
through the inlet control orifice 5 to the control chambers 
25 12 and 14 on respective sides of the control profile 20. 

The fluid then flows through the outlet control orifices 
6 and 8 to the tank ports 16. Due to the small size of 
the orifices 5, 6 and 8, in comparison with the main 
passages of the control valve, the fluid flow rates through 
30 the control chambers 12 and 14 are only a fraction of- the 

fluid flow rates through the control valve main ports 35, 
37, 10 and 16. 

Referring to FIG . 4, when the control profile 
20 is held in position symmetrically opposite to orifice 
35 5, the resistance to flow into chamber. 12 is equal to the _ 
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TUT" *° fl °" int ° Chanb « «»••." the pressures 

rest in 2 7^ C0 " tr01 * ^e at 

rest. In practice, the actual . 

control spool 4 will be depende „ t ^ ma 

contrir^r^e 2 r "r b f ° rCM - *~ tt * P ° slti °* °* the 
to pressures \\ and P ^ ^ *~~ ^ ^ *a *- 

spool 4 will be i •* ?Ctin9 ° n =°»trol 

10 octroi Too 18 i e9 ^ llbrlU "- Th * P— e area or the 

ontrol rod 18 is equal to the difference between the 
cross-sectional area of the oontrol profile 20 and the 
cross-sectional area of the control rod 18 and if tne 

equal the force f is -zero. 

<„ .„ referring now to fig. 5, the control profile 20 

is shown displaced in relation to the orifice 5. The 
"stance to flow into chafer 12 is larger than the 
resistance to flow into chanber 14 and thus pressure P 
in control chamber 12 is ip CC 1 
20 chafer 14. The f orce f ^l^" PreSSUre P 2 *» <=°"trol 

™ force f 2 acting on the control spool 4 
■ • • due to pressure * 2 is tous larger than force fl P 

rrr ana contro1 sp ° o1 4 ^ «~ 

rela Jve to°th y = " 

co»~T C ° ntr01 Pr ° file 20 • In other «*»■. the 

control spool 4 will „ove to re-establish equilibrium of 

forces f x and f 2 and equilibrium of the flow forces. 

the „„.-,-• "*? ° f res P° nse ° f the control spool 4 to 

the positional change of control rod 18 and thus the 
position of oontrol profile 20, is a function o, the sires 

l f V V !"° US ° rlf ic « >»* the shape of the control ■ 
profile 20. 

It should be evident from the description here- * 
xnabove that the fluid control device according to the 
present invention provides an improved arrangement which : 
allows the operation of large flow capacity valves which - 
regurre considerable force to shift the controlled member 
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(control spool). The device according to this i» VG n. • 
xs convenient to manufacture because I J ~ 

tolerances as between the control profile 20 and the le, 
5 0 T th aCe ° f ^ thr ° U9h the spool 4. Ivelnt 

L reL C ° nt T ^ " d06S rSgUire a force 

xn relation to the forces required to .ove the control 

spool 4 and thus the rod may he moved by any convenient 
transducer means 34 adapted to provide the necessary 
control to operate the spool 4 in the manner required 
in other words, the valve has a high gain force feedback 
The control spool 4 has various lands which are arranged 
xn relation to the inlet and outlet ports to provide 
whatever necessary control is required at some remote 
machine location. The invention thus provides a low cost 
and sxmple two stage operation of valves and position 
control devices and eliminates the conventional pilot 
spool controls with their inherent disadvantages. it 
should be noted that the control valve described provides 
a 1:1 ratio position feedback and can be readily adapted 
20 to provide on-off control, proportional control and/or 
servo control as required. The valve described may be 
conveniently adapted for continuous control in an automatic 
manner such that continuous control of proportion control 
valves, servo valves and position control devices is 
25 readily attainable. 

Clearly various modifications may be readily 
provided without departing from the spirit or .scope of 
the invention. The orifices 5, 6 and 8 may in fact comprise 
a series of radially disposed orifices in order to achieve 
30 a particular fluid flow. Conveniently, the control rod 

18 may be cut short at one end so as not to extend through 
the end plate 30. The broken line 38 in FIG. 4 shows a 
convenient place for ending the rod 18 and the resulting 
force in chamber 14 acting on the end of rod 18 will provide 
a force sufficient to return the rod .18 to a particular 
start position which may be to the extreme left-hand side 
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as shown in FIG. 4. This 'avoids the use. of a spring return" 
in situations where the vai™ . - ^- Ln g return 

back to - «- , S re< 3 ulred to have some bias 

can h \ n6Utral or position. * similar result 

can he achxeved hy using a rod which has diffmnt 

5 pr n es ° PpOSlte Sid6S ° f the COnt ^ P-rile 20 such that the 

pressure area on opposite sides of the control profile 20 ' 
is unequal and a net force results. 

6 M d R In 3 fUrth6X ^ification outlet control orifices 

10 7!^. 4 ^ thUS COnneCt the Chambers 12 and 

10 14 dxrectly with the low pressure side of the hydraulic 

supply. with this modification the control orifices 6 and 
8 may be made adjustable in size externally of the body 
part whereby the characteristics of the control valve, such 
as a response time for example, may be readily adjusted 

AcCOrdin 5 to a still further modification the 
control spool 4 is directly connected to operate external 
machinery. ln other words, instead of the control valve 
bexng used to operate equipment such as a hydraulic ram, 
for example, which in turn actuates some mechanical move- 
ment, the control valve may, in some circumstances, be used 
to dxrectly actuate the mechanical movement. 

It should also be noted that the control profile 
20 whxch is shown in the described embodiment as being 
.symmetrical in the longitudinal direction about a central 
transverse plane may, according to a modification, be 
asymmetrical in order to provide different characteristics 
for the opposite directions of movement of the control 
spool 4. The different characteristics may relate to 
response time or force, for example. 
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CLAIMS: 

lm A flui <* control device of the sliding spool type 

wherein a spool having various lands is adapted to slide 
within the bore of a body part to facilitate primary fluid 
flow between various main ports in skid body part dependent 
upon the position of said spool, said spool having a 
longitudinal bore extending therethrough and means within 
said spool bore to facilitate fluid controlled movement 
of said spool, characterized in that, said means comprises 
a control profile having radial clearance in said spool 
bore and separating respective control .chambers, each 
control chamber includes part of the* bore of said body part 
whereby pressurized .fluid in said control chambers exerts 
a force on respective ends of said spool, a first orifice 
arrangement is provided in said spool to facilitate second- 
ary fluid flow from a pressure port of said main ports, 
through the wall of said spool and onto said control profile 
whereby said secondary flow is directed into respective 
said control chambers and, via- further respective orifice 
arrangements, bacx to the low pressure side of a fluid 
supply such that said device is caused to act as a Wheatstone 
bridge tending towards equilibrium whereby said spool 
follows movement of said control profile along said spool 
bore in a force feedback, gain manner due, to imbalance of 
pressures in respective said control chambers. 

2 - A fluid control device as defi in claim 1, 

characterized in that said control prof il _s arranged on 
a control rod which extends to the outside of said body 
part for controlled movement from a transducer. 

3 « A fluid control device as defined in- claim 2, 

characterized in that said control rod extends through 
opposite end plates of said body part and said control 
profile is arranged between the ends thereof. 
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• end plate of said ^; ml *+ -ends through an 

:::: r™^^"?^- : 
^tr^~ • sir.—---- 

5- A fluid control device as defined in claim 2 

oppose end plates of said body part ^ saia contrQ f 

of said " """^ betWB - «- — thereof, the diameter 
of saxd rod on one side of said control profile being 
larger than the dimeter of said rod on the other sine of 
said control profile. 



«• A fluid control device as defined in claim 1, 

characterized in that, said further orifice arrangements 
- Provided in said spool on opposite sides of sale first 
orifice arrangement in the .axial direction of said spool, 
to facilitate said secondary flow from said respective 
control chambers, through the wall of said spool to 
respective tank ports of said main ports and thereby . 
hack to said low pressure side of said fluid supply f 

A fluid control device as defined in claim 1, 

characterized in that said further n ri*<~. 

Iurtner orifice arrangements 
are provided in said body part at opposite ends of said 

ZT ,*° f Cilit " e said secondary flow from said respective 
control chambers, through the wall of said body part and 
back to said low pressure side of said fluid supply. 

»• A fluid control device as defined in claim 7, 

characterized in that each said further orifice arrangement 
« adjustable to allow variation of the flow rate of said 
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secondary fluid flow whereby the operating characteristics 
of said spool may be varied to suit different applications 
of said device. 

9. A fluid control device as defined in claim 1, 

characterized in that, said control profile is symmetrical, 
in the axial direction of said spool, whereby operating 
characteristics of said spool are the same in both direc- 
tions of movement. 

10 • A fluid control device as .defined in claim 1, 

characterized in that, said control profile is asymmetrical, 
in the axial direction of said spool, whereby operating 
characteristics of said spool are different for opposite 
directions of movement. 

11 • A fluid control device as defined in claim 1, 

characterized in that, said spool is adapted for connection, 
through. an end plate of said body part, to actuate apparatus 
by virtue of the sliding movement of said spool. 



OMPI 

<4>7wi?o _ o 



WO 83/03455 



PCT/AU83/00036 



. 2/2 




FIG. 3. 
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r 



INTERNATIONAL SEARCH REPORT 

International Application No 



PCT/AU 83/00036 



I. CLASSIFICATION of SUBJEC T MATTER (■< c f.cion .,„,bo .. .„,„. lnd| g ,tTTii7T 



to Intimation.! P.l.m Cli..in»«on (IPC) Of to both Nation.) Cto..lf!«Oon .nd IPC 

Int. CI. 3 F16K 11/07 



Minimum Documentation Searched * 



Classification Sri tern j 



IPC 

us ci; 



Cla»»lfi cation Symboli 



F16K 11/07 
137/625.25 



Documentation Searched other than Minimum Documentation 
to the Extant that such Documents are Included In the Fields Searched » 



AU; IPC as above, Australian Classification 65 13,74.71, 



III. POCUWENTS CDNSIOEHEO TO BE RELEVANT " 



Category •♦ | • Citation of Document. ■« wHh Indication, whlfg appro prfate.-pl the rtl.vant.pnasaoe. 



A 
A 
A 

A 



15 ,A, 3990477 (JOHNSON) 9 November 1976 (09.11.76) 
US, A, 2836154 (LANK) 27 May 1958 (27.05.58) 
US,A, 2648313 (CLIFTON) 11 August" 1953 (11.08.53) 
US,A, 2526361 (JOHNSON) 17 October 1950 (17.10.50) 

AU,B, -35814/71 (457387) (SPERRY. RAND CORPORATION) 

24 May 1973 (24.05.73) ' 

AD,B, 35113/68 (416920) -(GENERAL SIGNAL CORPORATION) 

25 September 1969 (25.09.69) ^"w«fu.LUNj 

AU,B, 29391/67 (432295) (BORG-WARNER CORPORATION) 
8 May 1969 (08.05.69) J 

AD ,B, 4 50/61 (258411) (BALDWIN INSTRU-ENT CCMPANY 
LIMITED) 17 January 1963 (17.01.63) 



Relevant to Claim No. »■ . 



* Special categories of ctled documents: *» 

*A" document defining the general state of the art which Is not 
Considered to be of particular relevance 

"E" earlier document but published on or after the International 
Wing date 

m L m document which may throw doubts on priority clnlm(s) or 
which Is cHed to eraolish the publication date of another 
citation or otter special reason (as specified) 

"O- document referring to an oral disclosure, use, exhibition or 
other means 

•P" document published prior to the International filing date but 
later than the priority date claimed 



*T~ later document published after the international filing date 
or priority date and not in conflict with the application but 
cfted to understand the principle ot theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step 

•Y" document of particular relevance; the claimed Invention 
cannot o* considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

"&* document member of the same patent family 



IV. CERTIFICATION 



Date of the Actual Completion of the International Search * 

3 JUNE 1983 (03.06.83) 



Data of Mailing of this International Search Report > 



International Searching Authority * 

AUSTRALIAN PAIENT OFFICE 



Signature of Authorized Officer »» 

D.B. OPITT 



lied Officer »• ^ 

T ^^^ ^ 



Form PCT /ISA/710 '»«cpnd sheet) (October igst) 



